Introduction: Around 5,00,000 women are affected by cervical cancer and nearly half of them end up losing the battle of life with this deadly disease. So, there is an urgent need for the synthesis and development of new, small, synthetic molecules to tackle this challenge. Schiff's bases are derivatives of azomethine group (-CH=N-) and are highly reactive. Here a series of novel Schiff's bases were synthesized by single step process of condensing substituted 2-amino benzothiazole with different benzaldehydes. Objectives: To design, synthesize novel Schiff's bases of 2-amino benzothiazole and evaluate its anti-oxidant as well as anti-cancer activity. Methods: A total of 18 compounds were synthesized by single step process of condensing substituted 2-amino benzothiazole with different substituted benzaldehydes. These were characterized by FTIR,
INTRODUCTION
Cancer has emerged as a malignant devil which needs to be trounced, because according to WHO 14 million new cases and 8.2 million cancer related death were reported in 2012. 1 The number of new cases is expected to rise by about 70% in the next two decadeds. 1 According to American Cancer society by 2050, 27 million new cancer cases will be registered. We all know that cancer is characterized by uncon-trolled and undesirable cell division. Unlike other diseases, it can affect all organs of the body like bones, muscles, brain, blood, liver and other organs. Cancer is addressed with different names based on the site of origin and out of all type of cancer, cervical cancer (CC) needs special attention in the context of India. Its high mortality rate in developing countries like India exemplifies health inequity. Around 5,00,000 women are affected by it and nearly half of them end up losing the battle of life with this deadly disease. 2 CC is characterized by extra growth of cervical cancer cells and is the third most common cancer among the women. Many epidemiological and biological studies point out infection with human papilloma viruses (HPV) as the most important etiological event in CC development. 3 HPV DNA has been discerned in more than 95% of CC biopsies, clearly suggesting a strong association of CC with HPV infection. Caspase 3, 4 E6 and E7 viral oncoprotein, 5 p53 6 apoptotic proteins have become the preferred target for the development of new anti-cervical cancer drugs. Currently available therapy for cervical cancer includes vaccines and drugs like cisplatin, topotecan, paclitaxel, gemcitabine and others. The main drawback of these therapies are its cost, effectiveness and severe side effects. Hence, there is an urgent need for the synthesis and development of new drug molecule. Development of free radical has a pivotal role in the development of many diseases like cancer, diabetes, cardiovascular diseases, autoimmune diseases. 7 Oxidative stress is the main reason for generation of free radicals. Hence, antioxidants have an important role in the prevention and treatment of these diseases. Literature study revealed many studies on the antioxidant activity of benzothiazoles. 8 Schiff 's bases are derivatives of azomethine group (-CH=N-) and are prepared by the condensation of the primary amine with aldehyde or ketone. These are one of the most extensively used compounds for industrial purpose as dyes, pigments, catalysts, intermediates in organic synthesis and as polymer stabilizer. [6] [7] Schiff 's bases have been utilized as starting materials in the preparation of a number of industrial and biologically active compounds like formazans, 4-thiazolidinones, benzoxazines, and so forth, via cycloaddition, ring closure and replacement reactions. 8 Moreover, it also shows a wide range of biological activities like antifungal, antibacterial, [12] [13] [14] [15] antimalarial, 16 anticonvulsant, [17] [18] antitumor, 19 fungicidal, [20] [21] antileishmanial, 22 anti-inflammatory and anti-viral 23 properties. These compounds also play an important role in coordination chemistry and enzymatic reaction. 2-amino benzothiazoles containing Schiff bases are highly reactive compounds, they are widely utilized as reactant or reaction intermediates since NH 2 and endocyclic 'N' functions are suitable to enable reaction with common electrophilic agents to form a variety of fused heterocyclic compounds. Benzothiazoles having -NH 2 , -Cl, -OH group show greater anticancer activity. Chloro (-Cl) substituted amino benzothiazoles were found to have more sensitivity to cancer cell lines as compared to fluoro (-F) substituted benzothiazoles. [24] [25] In this study, we have synthesized some novel Schiff 's base derivatives by the reaction of substituted 2-amino benzothiazoles with various substituted benzaldehydes. All synthesized compounds were tested for antioxidant activity by DPPH free radical scavenging assay and also tested for anticancer activity on cervical cancer cell lines (HeLa) by using MTT assay. In-silico docking studies were performed by GLIDE (Schrodinger maestro, V: 10.3) against caspase-3 with a nicotinic acid aldehyde inhibitor with PDB ID 1RE1, 1RHM, 26 3DEH.
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MATERIALS AND METHODS
Instruments
The purity of the compounds was checked by Thin Layer Chromatography (TLC) using ethyl acetate and hexane (1:1) as an eluent, FT-IR spectra were obtained using FT-IR 5000 spectrophotometer using KBr discs. H 1 NMR spectra were recorded on Bruker UXNMR (300 MHz) in DMSO using TMS as an internal standard. Mass of synthesized compounds was identified by using LC-MS through (Atmospheric pressure control ionization)-APTI method. Melting point of the synthesized compounds was determined by using melting point apparatus. Microplate reader was used for measuring the absorbance to calculate the IC 50 of the compound.
Synthesis
Eighteen novel Schiff 's base derivatives were synthesized by one-step process which involves condensation of substituted 2-amino benzothiazoles with substituted benzaldehydes. All the synthesized compounds were stable with high melting points. Compounds were purified by recrystallization, and structure of all synthesized compounds were established with the help of FT-IR, 1 H NMR and Mass Spectroscopy data.
General Procedure for the Synthesis of Compounds SP1-SP18
To a solution of 0.005mol of substituted 2-amino benzothiazole in a minimum amount of ethanol, a solution of substituted benzaldehyde (0.005mol) in a minimum amount of ethanol was added to a 100ml round bottom flask. One drop of H 2 SO 4 was added as a catalyst. The reaction mixture was kept for refluxing for 12h. The precipitate obtained was collected by filtration and washed with ice-cold water. It was dried well and recrystallized from ethanol and dried at room temp. The product of Schiff 's bases were obtained (SP1-SP18) and whose scheme of synthesis is shown (Scheme 1) below along with the physicochemical properties ( Table 1) , followed by spectral interpretation. 
In vitro antioxidant activity
All the synthesized novel Schiff 's bases were tested for the antioxidant activity by in vitro 1, 1-diphenyl-2-picrylhydrazyl (DPPH) assay with concentrations ranging from 15.62-1000μg/ml. The assay is based on the measurement of the scavenging capacity of antioxidants towards the DPPH free radical. DPPH is a stable free radical which produces a violet purple solution in ethanol. Antioxidants react with DPPH and convert it into DPPHH and give a colourless solution. [28] [29] As a result there will be decrease in absorbance due to the pairing of free electrons. The degree of decolouration indicates the scavenging potential of the antioxidant compounds.
(DPPH) + (H-A) DPPH -H + (A) (Purple)
(Colorless) DPPH in 0.1mM of ethanol was prepared and 10μl of test sample solution was added to the 200μl of methanolic DPPH solution at different concentrations. The mixture was incubated at room temperature for 20 min and absorbance was measured at 517nm by using ascorbic acid as a standard. A blank was prepared without adding standard or test solution. Decrease in the absorbance of the reaction mixture indicates higher free radical scavenging activity. The capacity to scavenge the DPPH radical was calculated using the following equation. 30 
%DPPH scavenged
Where A control is the absorbance of the control reaction and A test is the absorbance in the presence of test compounds. The antioxidant activity of the test samples are expressed in comparison with ascorbic acid as standard.
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In vitro Cytotoxicity Studies
In vitro cytotoxicity studies of the synthesized compounds were performed by 3-(4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide) (MTT) assay. The cell culture of HeLa (cervical cancer) was procured from National Centre for Cell Sciences (NCCS), Pune, India. The monolayer cell culture was trypsinized and cell count adjusted to 1.0 x 10 5 cells/ml using DMEM medium containing 10% NBCS. To each well of the 96 well microtitre plate, 0.1 ml of the diluted cell suspension (approximately 10,000 cells) was added. After 24 h, when a partial monolayer was formed, the supernatant was flicked off, the monolayer once washed with medium and 100 µl of different extract concentrations was added to the cells in microtitre plates. Then the plates were incubated at 37 o C for 3 days in 5% CO 2 atmosphere, and microscopic examination was carried out and observations were noted every 24h. After 72 h, the extracted solutions in the wells were discarded and 50 µl of MTT in MEM-PR (Minimum essential medium without phenol red) was added to each well. The plates were gently shaken and incubated for 3h at 37 o C in 5% CO 2 atmosphere. The supernatant was removed and 50 µl of propanol was added and the plates were gently shaken to solubilize the formed formazan. The absorbance was measured using a microplate reader at a wavelength of 540 nm. The percentage growth inhibition was calculated using the following formula and CTC 50 (concentration of drug or test extract needed to inhibit cell growth by 50%) values were generated from the dose-response curves for each cell line. The pattern of all the cell lines as a group is used to rank compounds as toxic or non-toxic. 32 
% Growth Inhibition
Mean OD of individual test group OD of control gr = o oup ×100
Molecular Docking Studies
Molecular docking study was performed on the synthesized novel ligands by using GLIDE (Schrodinger maestro, V: 10.3). Crystal structure of the caspase-3 with a nicotinic acid aldehyde inhibitor (PDB ID 1RE1, 1RHM, 3DEH) was downloaded from protein data bank (http://www. rcsb.org).The ligand was prepared by using Maestro build panel and the corresponding low energy 3D conformers of the ligand were prepared by LigPrep module. The protein was prepared using protein preparation wizard in which all the water molecules were removed and hydrogen atoms were added to the target. Receptor Grid generation was performed around the active site of the protein by selecting the co-crystalized ligand. Low energy conformation of the compound was selected and docked into the grid using standard precision docking protocol (SP). Dock pose of the ligand was analyzed for interactions with the receptor.
RESULT AND DISCUSSION
Chemistry
With a plan to develop novel benzothiazole Schiff 's bases with antioxidant and anticytotoxic activity from easily available starting material, here in this paper we report the synthesis of some novel benzothiazole Schiff 's bases derivatives (Scheme 1). Synthesized compounds were characterized by FT-IR, H 1 NMR, and LC-MS spectral data. We have synthesized eighteen novel Schiff base derivatives by one step process which involves condensation of substituted 2-amino benzothiazoles with substituted benzaldehydes. The compounds were further purified by recrystallization. All the compounds were stable with high melting points, and these compounds were insoluble in common organic solvents other than DMSO. (Physicochemical properties of the synthesized compounds are reported in Table 1 )
In vitro antioxidant activity
Antioxidant activity is expedient for performing many related biological activities, including anti-inflammatory, antiallergic, anticancer and antidiabetic. All the synthesized compounds were screened for their antioxidant activity. DPPH assay was performed to measure the ability of the compounds to scavenge the DPPH free radicals. Colour change produced by free radical scavenging, results a change in absorbance. The assay was performed in concentrations ranging from 15.62-1000 μg/ml by using ascorbic acid as standard. Among the compounds SP7, SP12, SP15, SP16, SP18 showed moderate activity. But the result was not good as compared to that of standard (ascorbic acid) (The results are reported in Table 2 ).
In vitro Cytotoxicity Studies
In vitro cytotoxicity studies of the synthesized compounds were performed by 3-(4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide) (MTT) assay. Among the 18 compounds screened, the compound SP16 bearing methoxy group substitution showed more potent activity with an IC 50 value of (concentration of test substance to achieve 50% inhibition) 2.517μg/ml than the standard (cisplatin) against HeLa cell line.The compounds SP15 and SP17 bearing hydroxyl and thiole substitution showed IC 50 < 25 μg/ml. Compound SP13 bearing fluorine substitution showed IC 50 = 29.48 μg/ml. The results are presented in Table 3 . 
Molecular Docking Studies
In order to understand the detailed interaction between novel compounds and the receptor, Molecular docking studies were performed on the synthesized novel ligands by using GLIDE (Schrodinger maestro, V:10.3). Crystal structure of the caspase-3 with a nicotinic acid aldehyde inhibitor (PDB ID 1RE1, 1RHM, 3DEH) was downloaded from protein data bank (http://www.rcsb.org).
From literature search we found this target being used for docking studies. These results of molecular docking studies suggest that compounds SP7, SP15 and SP3 had high binding potency with the three different receptor domains of caspase-3 and is presented in Table 4 .
CONCLUSION
A series of 18 novel Schiff 's bases of 2-amino benzothiazoles compounds were designed, synthesized and evaluated for their biological activities. The antioxidant activity of the compounds was tested by DPPH assay. Assay was performed in concentrations ranging from 15.62-1000μg/ml by using ascorbic acid as a standard. Among the tested compounds, SP7, SP12, SP15, SP16, SP18 showed moderate antioxidant activity. But the result was not good as compared to that of standard (ascorbic acid).
In-vitro MTT assay was performed on HeLa cell lines to validate the cytotoxic activity against cervical cancer cells. The compounds SP13, SP15, SP17 and SP18 showed good anticancer activity against HeLa cell lines, and compound SP16 exhibited very good activity indicating better than the standard drug Cisplatin. Generally, chlorine substitution at 6 position of benzothiazole increases the activity which was further confirmed by in-silico docking studies.
SUMMARY
• A series of novel Schiff 's bases were synthesized by single step process of condensing substituted 2-amino benzothiazole with different substituted benzaldehydes. A total of 18 compounds were synthesized and characterized by FTIR, 1 H NMR, and Mass spectroscopy. The synthesized compounds were tested in-vitro for both antioxidant and antiproliferative activity. Unfortunately, none of the compound showed comparable antioxidant activity with that of ascorbic acid (0.063μg/ ml,) even though the majority of the derivatives displayed moderate to significant antiproliferative activity on HeLa cell line. Interestingly, the compound SP16 showed excellent activity with an IC 50 value of 2.517μg/ml in comparison to the reference compound Cisplatin (17.2μg/ml). In-silico docking studies were performed to identify the interactions and binding mode of the synthesized Schiff bases on the crystal structure of the complex of caspase-3 with a nicotinic acid aldehyde inhibitor with PDB IDs 1RE1, 1RHM and 3DEH. Compound SP7 and SP15 showed favourable in silico interactions.
